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Abstract 



Aims. We seek to gain a deeper understanding of stripped-envelope, core-collapse supemovae through studying their environments. 
Methods. We obtained low-resolution optical spectroscopy with the New Technology Telescope (+ EF0SC2) at the locations of 20 
type Ib/c supemovae. We measured the flux of emission lines in the stellar-continuum-subtracted spectra from which local metal- 
licities are computed. For the supernova regions, we estimate both the mean stellar age, by interpreting the stellar absorption with 
population synthesis models, and the age of the youngest stellar populations using the Ha equivalent width as an age indicator. These 
estimates are compared with the lifetimes of single massive stars. 

Results. Based on our sample, we detect a tentative indication that type Ic supemovae might explode in environments that are more 
metal-rich than those of type lb supemovae (average difference of 0.08 dex), but this is not a statistically significant result. The lower 
limits placed on the ages of the supemova birthplaces are generally young, although there are several cases where these appear older 
than what is expected for the evolution of single stars that are more massive than 25-30 Mq. This is only true, however, when assum- 
ing that the supemova progenitors were bom during an instantaneous (not continuous) episode of star formation. 
Conclusions. These results do not conclusively favor any of the two evolutionary paths (single or binary) leading to stripped su- 
pemovae. We do note a fraction of events for which binary evolution is more likely, due to their associated age limits; however, 
the supernova environments contain areas of recent (<15 Myr) star formation, and the environmental metallicities at least do not 
contradict the single evolutionary scenario, suggesting that this channel is also broadly consistent with the observations. 

Key words, supemovae: general, stars: evolution, galaxies: abundances 



1. Introduction 

The progenitors of stripped-envelope core- collapse (CC) su- 
pemovae (SNe) still evade direct detection (ISmarttI 12009 ). al- 
though reasoning dictates that they are Wolf-Rayet (WR) stars 
(ICro wther 2007). This class of explosions encompasses the 
hydrogen-deficient supemovae of types lb and Ic (collectively 
SNe Ib/c), but also SNe lib that r etain part of their hydrogen en- 
velope. In iLeloudas et al.l (l2010h we showed that the locations 
of SNe Ib/c within their host galaxies are indeed consistent with 
those of WR stars. Several open questions exist in relation to 
these stellar explosions, the most fundamental of which proba- 
bly is whether they result from the evolution of single or binary 
stars. 

To appear as a SN Ib/c, the progenitor star has to undergo 
significant stripping of its outer hydrogen envelope. This could 
be the result of mass loss due to stellar winds in single mas- 
sive stars. Altematively, th e outer envelope could be shed ow- 
ing to binary evolution (e.g. lPodsiadlowski et al.ll9"92l) . The idea 
that at least a significant fraction of stripped-envelope SNe come 
from a bin ary channel pr esentl y enjoys sign ificant support (e.g. 
iFryer et al.ll2007t ISmarttll2009l: ISmith e"talll201 ll) . based largely 
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on arguments related to the stellar initial mass function (IMF) 
and the observed ratio of type Ib/c to type II SNe. 

Valuable insight into the nature of these explosions can be 
gained through observations of their environments because the 
environmental properties can be used for a number of tests. In 
the single massive star evolutionary scenario, normal SNe Ic 
are expected to arise in higher metallicity environments than 
SNe lb. This is because wind-driven ma ss loss for single massiv e 
stars depends strongly on metallicity (IVink & de Kotej|2005h . 
and SNe Ic need to lose more mass than SNe lb. If the mass 
loss is instead caused by binary evolutio n, it is probably inde- 
pendent of metallicity dFryer et al.ll2007l) . Therefore, determin- 
ing the metallicity at the locations of type Ib/c SNe has the po- 
tential of probing their origins. Another potential probe of the 
explosion progenitor is to determine the age of the local stel- 
lar population. This is because single massive stars should only 
be found in young, actively star-forming regions. For such envi- 
ronmental studies, large samples are necessary for a statistically 
reliable approach. 

Although indir ect dPrantzos & Boissiol l2003h and direct 
jPrieto et al.l l2008l) global host galaxy metallicity measure- 
ments exist, studies focusing on the local environments 
have been based until recently on proxies of metallicity 
( lAnderson & Jame"sll2009l: Boissier & Prantzos 20091. Two c on- 
temporary studies (lAnderson et aI.l2010tlModiaz et 511201 ll) re- 



1 



G. Leloudas et al.: The properties of SN Ib/c locations 



port on SN host galaxy metallicity measurements that are both 
local (at the site of the SN) and direct (using local emission-line 
metallicity estimates). Anderson etal. (2010) studied 74 host 
H I I regions of CC SNe , of which 27 were type Ib/c SNe, while 
the lModiaz et alj (1201 lb study focuses on 35 SNe Ib/c. The two 
studies disagree somewhat regarding the existence of differences 
in th e en vironmental metallicities between type lb and type Ic 
SNe. [Anderson et al. (2010) find equal metallicities between the 
two, while iModiaz et alj ( 1201 lb report on a diff'erence of 0.20 
dex, which they argue is statistically significant. 

In this paper we report on similar observations of 20 SNe Ib/c 
sites (15 of which are new), thereby increasing the existing sam- 
ple. Our targets, observations, and data reduction are presented 
in the next section, where we also discuss the critical issue of 
spectroscopic classifications. In Sect.[3]the methods for subtract- 
ing the stellar continuum from the spectra, measuring the local 
metallicities at the SN sites and estimating the age of the local 
stellar populations are described. Section^contains a discussion 
of our results and Sect. |5]concludes our study. 

2. The data and data reductions 

We targeted host galaxies of normal stripped-envelope CC 
SNe that have been closely monitored by either the Carnegie 
Supernova Project (CSP) or the SDSS-II Supernova Survey. For 
the present study the sample selection is only relevant for under- 
standing the p otential biases in ou r data. 

The CSP ( iHamuv et alj|2006l) obtained unprecedented pho- 
tometry and spectra for ~250 SNe of all types, 35 of which were 
stripped CC SNe. These SNe were discovered by different search 
programs that typically monitor bright {niB ~ 11 - 16) nearby 
galaxies. This, of course, introduces an unavoidable selection 
bias. 

The SDSS-II Supernova Survey dFrieman et al.l l2008l) 
scanned an equatorial st rip of the sky search ing for SNe la to be 
used for cosmology (see lKessler et al.l2009l) . Other types of SNe 
were also discovered, including ~20 stripped-envelope CC SNe. 
The SDSS SN host galaxies are typically fainter {nig ~ 17 - 22) 
and less spatially resolved than those followed by the CSP. 
Spectra for some o f the brightest of t hese galaxies exist in the 
SDSS database (e.g. lPrieto et al.l2008h . but these spectra are cen- 
tered on the galaxy nucleus and not on the SN location itself. The 
SDSS sample is a relatively unbiased sample from a host galaxy 
point of view. We note, however, that this survey was targeting 
mainly SNe la and that the selection of CC SNe was not made 
in order to obtain a complete, unbiased sample. Some CC SNe 
were only observed spectroscopically at lower priority, depend- 
ing on the availability of telescope time, while other events were 
initially (photometrically) misidentified as SNe la. 

The data presented in this paper were collected during 
three consecutive nights (21 - 23 August 2008) with the ESO 
New Technology Telescope (NTT) equipped with EF0SC2. The 
galaxies observed were those that matched the RA and DEC 
window best, so this should not i ntroduce any more bias es. There 
is no overlap with the sample of lAnderson et al.l (1201 Ol) and only 
a sma ll ove rlap (5 SN hosts) with the sample of iModiaz et al.l 
( 1201 lb . The lModiazet a l. (2011) sample also includes SNe that 
were discovered in 'no n-targeted' searches (su ch as the SDSS- 
II SN Survey) while the I Anderson et all (1201 Ol) hosts are mostly 
'targeted' galaxies. 

A list of the observed galaxies is provided in Table[T] This ta- 
ble contains basic information on the host galaxy, the hosted SN, 
as well as details concerning our observations. We comment fur- 
ther on the critical issue of SN typing in Sect. 12.11 The tabulated 



offsets are SN galactocentric distances (projected on the plane of 
the sky), based on the redshift of the host galaxies. The follow- 
ing cosmological parameters have been adopted throughout the 
paper: Ho =73 km s^' Mpc^', Qm = 0.27, and Qa = 0.73. For 
the two galaxies that are not in the Hubble flow (i.e. NGC 1187 
and N GC 4981), we used the distances reported bv iTuUv et al.l 
(l2009l) . For the solar metallicity, we adopted the following value: 
log(0/H) + 12 = 8.69 (Asplu nd et a l. 200§. 

Our observing strategy involved positioning the slit to con- 
tain both the explosion site and the galaxy center. This was 
done at the expense of not observing at parallactic angle, but 
most objects were observed at low airmasses (Table [T} so any 
differential slit losses should be minimal. In most cases we 
used the EFOSC2 grism 11, but other grisms were also used 
to optimize the resolution in the (restframe) wavelength region 
3700 - 6800 A. A 1" wide slit was used throughout the observ- 
ing run. It is noted that at the time of observations there was no 
significant contribution to the measured flux by the underlying 
SNe. SN 2007kj, the brightest of the SNe discovered in the fall 
of 2007 in our sample, is not expected to contribute with more 
than 4x10"'^ erg s"' cm"^ A"' in the V-band ( assuming a late- 
time e volution similar to the type lb SN 2007Y: [Stritzinger et al.l 
I2OO9I) . 

All frames were bias-subtracted and flat-fielded with stan- 
dard tasks in IRAlfl Cosmic rays we re removed from th e sci- 
ence spectra with the task LACosmic (Ivan Dokkumll200TI) . The 
tasks identify, reidentify, and fitcoords were used on 
the HeAr arcs to create 2D dispersion maps and all 2D spectra 
were wavelength calibrated with the task transform. We ex- 
tracted spectra using apall both at the SN location and at the 
galaxy nucleus. For the SN location we tried to use the small- 
est aperture possible (e.g. 7-10 pixel wide columns) to min- 
imize contamination from neighboring regions. In some cases 
this still corresponds to integrated light from areas on the order 
of 1 kpc^, in particular when the effect of seeing is included. 
This illustrates the limitations of this method, i.e. that the 'lo- 
cal' SN environment probed is in reality a large region, although 
this method still probes the SN environment better than a nuclear 
galaxy spectrum. In four cases where no useful signal could be 
recovered at the SN location, we resorted to extracting spectra 
of other regions, which were as nearby as possible to the ex- 
act location and which contained sufficient signal. The projected 
distances on the plane of the sky between the reported regions 
and the SN locations, at the distance of these galaxies (that all 
appear face-on), are: 4.63 kpc for MGC+03-43-5, 4. 1 1 kpc for 
NGC 1 187, 7.19 kpc for NGC 214 and 2.42 kpc for NGC 7803. 
In all cases we first traced the nuclear galaxy spectrum and then 
used the same trace function for all other apertures. 

During our observing run, the Moon was relatively bright 
and close to many of our targets. The influence of the Moon was 
manifested as a halo in the blue part of the CCD. This compli- 
cated pattern proved difficult to correct for, causing problems in 
the background removal, especially below 4000 A. Combined 
with the reduced sensitivity of the CCD in the blue, data below 
this wavelength therefore have large associated uncertainties. 

2.1. SN classifications 

Traditionally, SNe are classified by their optical spectra around 
maximum light, and the distinction between SNe lb and SNe Ic 
is based on the relative strength of He i and O i lines dFilippenkol 

' IRAF is distributed by the National Optical Astronomy 
Observatory: |http : / / iraf . noao . edu/ iraf /web/ 1 
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Table 1. SN host galaxy sample: properties and observing log. 



Galaxy 


SN 


RA (J2000)" 


DEC (J2000)" 


Offset* 


Mb' 


Redshiff' 


type'' 


Sample' 


Resolution Exposure time 


Airmass 






(° ' ") 


(° ' ") 


(kpc) 










(A/1") 


(sec) 




2MASXJ21024677-0405233 2007hn 


21 02 46.85 


-04 05 25.2 


1.06 


-20.35 


0.0273 


Ic 


CSP (N) 


13.6 


4x1800 


1.14 


ESO 153-G17 


2004ew 


02 05 06.17 


-55 06 31.6 


5.40 


-20.98 


0.0218 


lb 


CSP (T) 


17.2 


1800 


1.13 


ESO 552-G40 


2004ff 


04 58 46.19 


-21 34 12.0 


5.47 


-21.05 


0.0226 


Ib/IIb 


CSP (T) 


17.2 


1800 


1.11 


IC 4837A 


2005aw 


19 15 17.44 


-54 08 24.9 


6.11 


-21.60 


0.0094 


Ic 


CSP (T) 


17.2, 8.2 


2x1200, 2x1800 1.13, 1.11 


J000109. 19+010409.5 


2007nc 


00 01 09.30 


+01 04 06.5 


8.76 


-19.83 


0.0860 


lb 


SDSS (N) 


17.2 


2x1800 


1.44 


J001039.34-000310.4 


2007sj 


00 10 39.63 


-00 03 10.2 


3.54 


-20.88 


0.0390 


Ic 


SDSS (N) 


17.2 


2x1800 


1.25 


J002741. 89+011356.6 


2007qx 


00 27 41.78 


+01 13 59.6 


5.63 


-20.02 


0.0800 


Ic 


SDSS (N) 


17.2 


2x1800 


1.18 


J012314.96-001948.8 


2006jo 


01 23 14.71 


-00 19 46.7 


6.79 


-20.59 


0.0770 


lb 


SDSS (N) 


17.2 


2x1800 


1.16 


J023239.17+003700.1 


2006fo 


02 32 38.89 


+00 37 03.0 


2.39 


-19.76 


0.0201 


lb 


both (N) 


17.2 


2x1800 


1.16 


J205 121. 43+002357.8 


2007jy 


20 51 21.43 


+00 23 57.8 


_ s 


-19.61 


0.1831 


lb 


SDSS (N) 


16.8,7.0 


2100, 2x1200 


1.45, 1.21 


J205519.76+003234.4 


2005hl 


20 55 19.79 


+00 32 34.8 


5.37 


-19.76 


0.0230 


lb 


SDSS (N) 


8.2 


3x1500 


1.18 


J213900.63-010138.6 


2005hm 


91 ^^4 


—01 ni ^8 f\ 


... * 


— 14 89 


0347 


lb 




17.2 


2100 


1.30 


J223529.00+002856.1 


2007qw 


22 35 29.01 


+00 28 56.2 


. . 


-19.06 


0.1507 


la 


SDSS (N) 


16.8, 17.2 


1800, 1800 


1.30 


KUG 2302+073 


2006ir 


23 04 35.68 


+07 36 21.5 


1.79 


-16.95 


0.0200 


Ic 


CSP (N) 


17.2 


695 


1.41 


MGC+03-43-5 


2005bj 


16 49 44.74 


+ 17 51 48.7 


5.83 


-20.01 


0.0222 


lib 


CSP (T) 


17.2 


2x1800 


1.50 


NGC 1187 


2007Y 


03 02 35.92 


-22 53 50.1 


9.83 


-20.17 


0.0046 


lb 


CSP (T) 


17.2 


2x1800 


1.07 


NGC 214 


2006ep 


00 41 24.88 


+25 29 46.7 


13.44 


-21.62 


0.0151 


lb 


CSP (T) 


17.2 


2x1800 


1.74 


NGC 4981 


2007C 


13 08 48.80 


-06 46 45.0 


2.79 


-20.25 


0.0056 


Ib/c 


CSP (T) 


17.2 


2x1800 


2.06 


NGC 7364 


20061c 


22 44 24.48 


-00 09 53.5 


3.14 


-21.21 


0.0162 


Ib/c 


both (TN) 


17.2 


1800 


1.25 


NGC 7803 


2007kj 


00 01 19.58 


+ 13 06 30.6 


4.15 


-20.88 


0.0178 


Ib/c 


CSP (T) 


17.2. 8.2 


1200, 1800 


1.42 



Notes. The order in the table is alphanumeric. Galaxies that were observed with more than one grism have double entries in the resolution, 
exposure time and airmass columns. RA and DEC of the SN. Galactocentric distance of the SN region projected on the plane of the sky (at 
the distance of the host galaxy). Galaxy absolute magnitude. drawn from the NASA Extragalactic Database (NED) and SDSS, except for 
the hosts of SNe 2007hn, 2007nc, 2007jy, 2005hm and 2007qw which have redshifts determined from our spectroscopic observations. See the 
detailed discussion in Sec. 12. II whether the SN belongs to the CSP or the SDSS subsample with the discovery method noted in parentheses: T 
stands for targeted and N for non-targeted searches. either point sources, or the SN location coincides with the galaxy nucleus. 



ll997HMatheson et al.llIOOlh . The distinction between these sub- 
types can, however, be a subtle and difficult matter 

Following the temporal evolution of the spectra is usually 
a great help, especially since the He lines in SNe lb typically 
become more prominent as time passes, and it is not unusual that 
SNe are reclassified as multi-epoch spectra are obtained. In some 
cases, however, the data coverage and/or quality of the spectrum 
used to make the classification is poor so a subclassification is 
difficult, if not impossible. In fact, SNe Ib/c form a continuum, 
depending on the amount of He that has been stripped off their 
progenitor The existence of intermediate objects also consists a 
challenge for the subclassification scheme. 

Great caution should be taken when adopting the reported 
SN types, especially when the distinction between types lb and 
Ic is important. The spectral classifications that are reported in 
Table [1] are the result of careful inspection of the spectra that 
were available to us, and in many cases they differ from what 
is reported in the lAU or CB ET circulars or in the continuously 
updated Asiago SN catalog dBarbon et al.lll989h . The number 
of reclassifications we had to make is significant (8 out of 20 
events). This shows that, if proper care is not taken, even the sta- 
tistical power of large samples might be affected. The individual 
cases are briefly discussed below. 

For the CSP subsample we note the following differences: 
SNe 2006ir and 2007hn w ere discovered and reported as 
SNe Ib/c by the SN Factory dPecontal et all 120061: iButon et al.1 
I2007h . Based on multi-epoch CSP spectra, we refine the clas- 
sication to SNe Ic. SN 2005bj is a SN lib and not a SN Ic as 
the strong absorption at ~6350 A is clearly due to Wa (pos- 
sibly b lended with He /16 678) an d not to Si as initially sus- 
pected dMorrell et al.ll2005l) . SNID dBlondin & Tonrvl2007l) also 
shows an excellent overall agreement with other type lib objects. 
Similarly, SN 2004ff is a SN lb (probably even lib) and not of 
type Ic, based on prominent He lines detected in a series of 3 
spectra. The first CSP spectrum is dated almost 2 weeks after 



the reported classification spectrum (iModiaz et al 1 120041) . illus- 
trating the importance of temporal coverage. For the purposes 
of this paper, SNe lib will be grouped together with SNe lb. For 
SNe 20061c and 2q07kj we note a similarity wi th SN 1999ex (see 
also Blo ndin et al ]l2006; Ol ivares et al ] l2007h . for which an in- 
termediate classification (Ib/c) is often quoted sinc e its He lines 
are w eaker than in prototypical type lb objects (iHamuv et al.l 
I2002h . We have attributed them such a transitional classification, 
although we also discuss the consequences of including them in 
the type lb sample. SN 2007C is even less of a clear case and 
for this reason we preferred a mixed Ib/c classification. The CSP 
SNe Ib/c spectra will be published in Stritzinger et al. (in prep.). 

All spectra obtained at the NTT or the NOT for the SDSS -II 
SN Survey have been carefully reduce d and examined again in a 
comprehensive and systematic way bv lOstman et al.l d201 ih . and 
are now publicly availabl^B These include 6 of the 9 SNe Ib/c 
from our SDSS subsample. In general, the SDSS-II discovered 
SNe have spectra with lower S/N, suffer significant host galaxy 
contamination and typically span only 1-2 epochs, making clas- 
sification a de facto more difficult task compared to the nearby 
CSP SNe. An exception is SN 2006fo, for which we have many 
spectra, i ncluding three from the CSP. The examination of this 
event by lOstman et alJ d201 ih led to the confident revision of 
its type to lb (from Ic), which is now also the official SDSS-II 
classification. We inspected the spectra of the other events and 
conclude that the most probable types are indeed those that are 
adopted by SDSS-II, and we therefore retain these classifica- 
tions. Admittedly, a detailed division between types lb and Ic 
SN based on these spectra might be overly ambitious. A more 
conservative approach is followed by lOstman et alJ d201 ih who 
prefer a general SN Ib/c classification for 2 events (SNe 2006jo 
and 2007qx), while for SNe 2007sj and 2007jy, they conclude 
that even a type Ib/c classification is not unambiguous. Finally, 
there is also the case of SN 2007qw, whose spectral type has 

^ [WWW ■ phy sto ■ se/ - linda/spectr a/nttnot . html] 
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ESO 552-G40 (SN 2004ff) 




J213900. 63-010138. 6 (SN 2005hm) 




4000 4500 5000 5500 6000 6500 7000 

rest-frome X [A] 

Figure 1. Examples of stellar continuum fit and extraction of 
emission line spectrum for two representative cases. The black 
line shows the original spectrum at the location of the SN ex- 
plosion. This spectrum is fit with a linear combination of SSP 
models with dust attenuation as an additional free parameter: 
the resulting best fit of the stellar continuum is shown in red. By 
subtracting the best-fit continuum from the original spectrum we 
obtain the pure emission line spectrum (blue line). 



been revised from type lb to type la by the SDSS-II collabora- 
tion (M. Sako; priv. comm.). We have therefore only included it 
in our tables and not in the analysis^ 

3. Methods and results 

To derive accurate measures of nebular emission lines, which 
carry information about the gas metallicity and the age of the 
youngest stellar populations, care must be taken in account- 
ing for the underlying stellar continuum and absorption fea- 
tures. This is particularly relevant for the Balmer lines of young 
stellar populations. To be able to even recover weak emission 
lines, we rely on the procedure implemented in the platefit 
code. This code has been developed and optimized for the a nal- 
ysis of SPSS spec t ra, as described in lTremonti et al.l(l2004l) and 
iBrinchmann et al.l ( |2004|) . In summary, the stellar continuum is 
recovered by fitting stellar population synthesis models to the 
galaxy spectrum. The template model spec tra are simple stel- 
lar pop ulation (SSP) spectra predicted by the iBruzual & Chariot! 
(l2003h code at ten different ages between 0.005 and 10 Gyr and 
three metallicities (Z - 0.2, 1, and 2.5 Zq, where Zq = 0.02). 
The templates are first convolved and rebinned to match the 
spectral resolution and binning of the observed spectra. The code 
performs a non-negative least-squares fit to the emission-line 
free regions of the spectrum finding the best-fitting linear com- 
bination of the template spectra with dust attenuation as an addi- 
tional free parameter. The 'pure' emission line galaxy spectrum 
is recovered by subtracting from the observed spectrum the best- 
fit continuum and any remaining residuals smoothed on a scale 
of 200 pixels. Two representative examples are shown in Fig. [T] 
We measured emission line fluxes and equivalent widths 
(EW) from the stellar-continuum-subtracted spectra and tabu- 



^ After the present paper was accepted, new communication revealed 
that the SDSS-II c lassification for this SN might be revised again. 
iModiaz et al.l ( 1201 Ih include it in their broad-lined SN Ic sample. In any 
case, it is probably better to exclude it due to the related uncertainties. 



lated their values in Table |2] The fluxes were measured by fit- 
ting Gaussians with the IRAF task splot. For [N ii] /16550, Ha, 
and [N ii] /16585, we performed de-blending by fitting simulta- 
neously 3 Gaussians with a single FWHM. In Table |2] we have 
listed the fluxes for H/3, [Oiii] ^5008, Ha, and [Nii] ^6585. 
Some galaxies display many more lines, including [O ii] /13727, 
[Oiii] .14960, and [Sii] ^^6717, 6731; however, the tabulated 
lines are those that are more consistently detected and those used 
for our metallicity determinations. The fluxes in Table |2] are the 
ones measured on the emission line spectra (i.e. corrected for 
stellar absorption). For reference and to facilitate comparisons 
with the literature, we also provide the fluxes as measured in the 
original spectra, both at the host galaxy center and at the SN 
location (Table |4]i. 



3. 1 . Metallicity estimates 

To derive metallicities, we us ed the empirical 03N2 and N2 
calibrations described by iPettini & Pa gel (2004i). These meth- 
ods present some advantages over other strong-line diagnostics, 
by being based on ratios of neighboring lines and are there- 
fore insensitive to extinction and to uncertainties in flux cali- 
bration. Given the limited number of [O ii] A3721 detections, 
combined with the large uncertainties in the blue part of the 
spectra, no advantage would result from using R^^ or othe r 
methods that use this line (see e.g. iKewlev & Dopital |2002|) . 
A necessary exception was made in the case of the host of 
SN 2005hm. For this galaxy, the faintest in our sample, [N ii] 
/I6585 was not significantly detected. Assuming a 2cr upper limit 
for the [N n] flux yields an upper limit to the (N2) metallicity of 
log (O/H) -I- 12 < 8.44. Since [On] ^3727 is clearly detected for 
this galaxy and the Balmer d ecrement is consistent with no host 
extinction (IOsterbrocklll989[). we used j?23- T aking the average 
bet ween the calibrations of McGaughl (Il99lh (the lower value) 
and lZaritskv etaTI ( [19941) . we obtain log (O/H) + 12 = 8.23. To 
account for the different method used and all the related uncer- 
tainties, we assigned a conservative uncertainty of 0.20 dex to 
this value. 



The N2 calibrator presents a Icr (2cr) dispersion of 0.18 
(0.41) de x, which is comparabl e to the dispersion of /?23-based 
methods ( IPettini & Pagelll2004l) . An even smaller dispersion of 
0.14 (0.25) dex can be achieved by using the 03N2 method. 
However, in our case the determination of 03N2 was possible 
only for some cases, and for this reason we focus on the N2 
scale in the rest of the paper. The estimated metallicities for the 
local SN environments are tabulated in Table |3] 

Plotted in Fig.|2]are the metallicities at the SN locations ver- 
sus the host galaxy luminosity. In addition to our sample, we 
have also included the 3 SNe lb that occurred in NGC 2770 
for which we conducte d the measurements in a similar man- 
ner (iThone et al ] l2009h . For comparison we also plotted the 
GRB associated SNe and the broad-lined SNe Ic studied by 
Modiaz et al. (2008). All metallicities were converted to the 



N2 scale based on the reported line fluxes (Modiaz et al. 2008 
SoUerman et aI.l2005tlHammer et aI.l2006l:lMargutti et al,.2007 
)7|). 



Wiersema et al.l l2007h . The righth and panel shows acompar- 
ison with the mean N2 values by lAnderson et al.l (1201 Ol) and 
Modiaz et al. (201 IJ. This is useful to illustrate the correspond- 
ing offsets between type lb and Ic SNe in the three studies. 

The SNe lb (N = 14 including the 3 from lThone etal]|2009l) 
have a mean N2 metallicity of 8.52+0.03 dex. The quoted error 
is the standard error of the mean, i.e. cr/ V^, where cr is the 
standard deviation. In this case cr = 0.13. The SNe Ic have a 
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Table 2. Measured line fluxes and He EW at the SN locations. 



Galaxy 


H/3 


[Oiii] ^5008 


Ha 




[Nil] ^6585 


Ha 


EW 


2MASXJ21024677-0405233 


6.08 ± 


1.60 






29.64 ± 


1.70 


13.32: 


t 1.50 


12.8 


± 0.7 


ESQ 153-G17 


19.74 ± 


4.60 






49.83 ± 


5.60 


20.14 : 


t2.90 


20.7 


± 1.5 


ESQ 552-G40 


. . . 








55.65 ± 


7.10 


13.27 : 


t4.00 


5.6 : 


t 0.6 


IC 4837A 










145.30 + 


: 5.60 


52.02 : 


t3.90 


35.4 


± 1.7 


J000109. 19+010409.5 


19.21 ± 


3.90 


14.48 ± 


4.30 


45.20 ± 


6.30 


7.40 i 


:4.30 


81.7 : 


t 11.9 


J001039.34-000310.4 


21.49 ± 


4.90 






110.80 + 


: 6.60 


43.24 : 


t4.70 


19.7 


± 0.8 


J002741. 89+01 1356.6 


28.22 ± 


6.90 






121.50 + 


: 7.70 


26.22 : 


t5.80 


14.7 


± 0.8 


J012314.96-001948.8 


17.28 ± 


5.30 


29.24 ± 


5.70 


57.01 ± 


5.90 


19.93 : 


t5.60 


23.2 


± 2.2 


J023239. 17+003700.1 


140.80 ± 


11.00 


53.45 ± 


13.00 


634.80 ± 


14.00 


206.70 : 


t 10.00 


31.7 


± 0.8 


J205121.43+002357.8 


125.40 d 


:5.00 


170.20 d 


:6.00 


317.80 + 


; 7.40 


56.93 : 


t 5.00 


49.7 


± 1.5 


J205519.76+003234.4 


133.20 d 


:3.80 


55.18 ± 


4.30 


512.20 ± 


10.80 


162.70 


±7.80 


55.1 


± 2.4 


J213900.63-010138.6 


27.83 ± 


4.50 


92.26 ± 


4.10 


87.23 ± 


6.10 


4.07 + 


: 5.60 


56.2 


± 4.3 


T223529 00+002856 1 


165.20 d 


:4.50 


542.40 H 


= 4.50 


431.00 + 


. 6.40 


32.59 : 


t3.30 


146.2 


±11.7 


KUG 2302+073 


49.76 ± 


4.60 


87.38 ± 


4.60 


185.50 + 


:6.50 


29.44 : 


t5.00 


69.3 


±4.5 


MGC+03-43-5'' 


16.75 ± 


2.30 


11.42 ± 


8.80 


53.71 ± 


4.00 


14.82 : 


t2.80 


11.8 


±0.7 


NGC 1187" 


46.39 ± 


3.40 


12.64 ± 


2.80 


176.30 + 


: 6.50 


53.03 : 


t4.40 


127.4 


±6.7 


NGC 214" 


124.70 d 


:9.60 






495.50 ± 


14.00 


163.20 


± 8.10 


46.1 


± 1.2 


NGC 4981 


45.37 ± 


5.30 


11.69 + 


4.80 


259.60 + 


:9.30 


102.70 


±5.30 


50.5 


± 2.1 


NGC 7364 


7.96 ± 


3.10 






32.84 ± 


6.60 


18.58 : 


t5.90 


11.0 


± 1.3 


NGC 7803" 


280.80 d 


: 6.20 


51.56 + 


5.50 


1034.00 : 


t8.10 


464.00 


±5.50 


38.7 


± 0.6 



Notes. The fluxes are given in units of 10 erg s ' cm ^. The Ho- EW is in A. *"' no sufficient signal was recovered at the SN location and the 
fluxes correspond to a nearby region (see text for the exact distances). 

Table 3. Metallicities and age estimates at the local SN environment. 



Galaxy 


SN 


type 


03N2 


N2 


Age (integr.) " 


Age (min.) 
















(Gyr) 


(Myr) 


2MASXJ21024677-0405233 


2007hn 


Ic 






8.70 


± 0.03 


5.00+!«' 
1.56^11 


8.6-11.1 


ESQ 153-G17 


2004ew 


lb 






8.68 


±0.05 


7.3-9.7 


ESQ 552-G40 


2004ff 


Ib/IIb 






8.55 


±0.08 


6 89+"^" 


12.3-12.7 


IC 4837A 


2005aw 


Ic 






8.65 


±0.02 


n Q9+0.68 


6.6-6.7 


J000109.19+010409.5 


2007nc 


lb 


8.52 


± 0.10 


8.45 


±0.15 


0.88^«;| 


6.3-6.8 


J001039.34-000310.4 


2007sj 


Ic 






8.67 


± 0.03 




7.4-9.7 


J002741. 89+01 1356.6 


2007qx 


Ic 






8.52 


±0.06 


2 04+^-^^ 


10.4-10.9 


J012314.96-001948.8 


2006jo 


lb 


8.51 


± 0.07 


8.64 


± 0.07 


1 89+' 


7.1-9.4 


J023239. 17+003700.1 


2006fo 


lb 


8.71 


±0.04 


8.62 


±0.01 


J -79+1.68 


6.7 


J205121.43+002357.8 


2007jy 


lb 


8.45 


±0.01 


8.47 


±0.02 


^■'"-1.30 


7.1-7.4 


J2055 19.76+003234.4 


2005hl 


lb 


8.69 


±0.01 


8.62 


±0.01 


6.3-6.4 


J213900.63-010138.6 


2005hm 


lb 






8.23 : 


t 0.20^ 


4 30+^ °'' 

-Q.J3 


6.9-7.2 


J223529.00+002856.1 


2007qw 


la 


8.21 


±0.01 


8.26 


±0.03 


5.9-6.1 


KUG 2302+073 


2006ir 


Ic 


8.40 


±0.03 


8.44 


±0.04 


IT 9C+O.O4 


6.6-6.9 


MGC+03-43-5 


2005bj 


lib 


8.60 


±0.11 


8.58 


± 0.05 


0.94!«i^ 


9.9-11.2 


NGC 1187 


2007Y 


lb 


8.74 


±0.03 


8.60 


±0.02 


6.48!|" 


5.9-6.0 


NGC 214 


2006ep 


lb 






8.63 


±0.01 


2 04+°-^^ 

-Q53 


6.4 - 6.5 


NGC 4981 


2007C 


Ib/c 


8.79 


±0.06 


8.67 


±0.02 


2 40+' 


6.4 


NGC 7364 


20061c 


Ib/c 






8.76 


±0.09 


;Z+m 


9.9-11.7 


NGC 7803 


2007k:j 


Ib/c 


8.85 


±0.02 


8.70 


± 0.01 




6.6 



Notes. The tabulated metallicity en'ors are only the propagated measurement err ors. To obtain the total uncertainty in the metallicity one needs to 
add quadratically a systematic error of 0.14 dex for 03N2 and 0.18 dex for N2 jPettini & Pagelll2004^ . <"' Integrated, luminosity -weighted mean 
stellar age in the region, obtained by absorption features. Minimum stellar age, obtained by the Hor EW that probes the youngest (most recent) 
star formation episode. metallicity computed with the i?23 method (see text). 



mean metallicity of 8.60±0.05 dex and cr = 0.11 on the same 
scale. This is, however, based on only N = 5 events, since 
many objects from our initial sample were reclassified. We note 
he re that these errorbars (lik e those in the mean values quoted 
bv lAnderson et al.ll2010l and lModiaz et al.|[201 ih are underesti- 
mated because they do not include the uncertainties in the indi- 
vidual metallicity measurements (largely dominated by the sys- 
tematic uncertainties in the metallicity calibrators; see Sect. 14. lb . 



3.2. Age estimates 

We derive two different estimates for the stellar age at the 
SN location, namely the luminosity-weighted mean stellar age 
from the stellar absorption features and the age of the ioniz- 
ing (youngest) stellar populations from the Ha EW. We mea- 
sure the stellar absorption features of the spectrum subtracted 
by the Gaussian fits to the nebular emission lines. Estimates 
of the luminosity-weighted mean age are derived by compar- 
ing the observed absorption features with those predicted by a 
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Figure 2. Metallicities (N2) at the locations of stiipped- 
envelope CC SNe versus their host galaxy absolute magnitudes. 
SNe lb are marke d with blue circles (squares for the 3 SNe of 
iThone et alll2009l) . SNe Ic in red and SNe Ib/c (intermediate or 
uncertain type) in blac k. Grey stars are fo r GRB-SNe and gray 
circles for SNe Ic-BL (iModjaz et al.l l2008). The displayed eiTor 
bars only include the measurement errors, while all data points 
have an additional associated uncertainty of 0.18 dex, related 
to the Icr dispersion in the N2 index calibration (shown as the 
black error-bar in the panel to the right). In addition, this panel 
shows a comparison w ith the corresponding m ean values from 
lAnderson et al.l (120101) and lModiaz et al.l (1201 ih . Our mean val- 
ues are marked with dashed-dotted lines. 



iBruzual & Charlo3 (l2003l) -based model library spanning a com- 
prehensive range in ra ndom star formation histories and metal- 
licities, as described in lGallazzi et al.l(l2005l) . The constraints are 
set by a combination of age-sensitive indices (li/3 and Hja+HSa) 
and metal-sensitive indices ([MgFe]' and [MgiFe]) to help break 
the age-metallicity degeneracy. For each object we derive the 
probability density function (PDF) of the luminosity-weighted 
age in this way. We take the median of the PDF as the fiducial 
age estimate and the 16th and 84th percentiles as the Icr uncer- 
tainty range. The results are summarized in Table |3] 

One can immediately see that these ages range between 0.8 
- 7 Gyr, i.e. old compared to the lifetimes of massive stars. This 
is expected since the stellar absorption features probe the mean 
age integrated over the whole star formation history in the re- 
gion. In our case, however, it is more relevant to examine the 
age of the youngest, i.e. latest, star formation episode in this 
region. The question we want to address is whether there are 
any SN locations that, despite the large uncertainties, indicate a 
population that is older than what is allowed by the stellar evo- 
lution models for single massive stars. Such an age estimator, 
which is sen sitive to the most recent star formation, is t he Ha 
EW (see e.g. lLeitherer et al.lll999HZackrisson et al.ll200ll) . Even 
so, the relation between Ha EW and age strongly depends on 
the star formation history. Unfortunately, our question can only 
be addressed under the assumption that the latest star formation 
episode was instantaneous, because if star formation is continu- 
ing, massive stars can be born at any time and give rise to CC 



SNe. This means that a conclusive answer cannot be given, but 
we believe that any contribution to the 'single versus binary' 
channel discussion deserves effort. 

The ages of the young stellar populations in the vicinity of 
the SNe have been estimated by the measured Ha EW and by 
comp arison with the predictions of Starburst99 (iLeitherer et al.l 
1 19991 see their Fig. 83) for instantaneous star formation. Our 
metallicity estimates were used to choose the appropriate table 
(Z = 0.008 and Z = 0.02 are relevant). We were conservative 
by providing the widest range in ages that are compatible with 
our measurements. For example, at an Ha EW of ~20 A at so- 
lar metallicity, the models are degenerate, and many ages be- 
tween 7-10 Myr provide a solution. We therefore provide a 
range of possible ages (Table |3]l, rather than one single interpo- 
lated age. Furthermore, this range is widened by the uncertainty 
in our EW measurements and the different possible IMFs exam- 
ined bv lLeitherer et al.l(ll999l) . Indeed, we see that the ages com- 
puted this way are much younger than the luminosity-weighted 
mean stellar ages estimated from the absorption features and, 
therefore, represent a lower limit to the age of the SN regions. 
These lower limits hav e been plotted in Fig. [3] We note that 
iLevesque et al.l (1201 Oal) used a similar approach and estimated 
the ages of the young stellar populations in GRB host galaxies 
from the H/3 EW. 



4. Discussion 

4.1. Metallicities 

Investigating the metallicities of the SN environments is im- 
portant because within the single massive progenitor scenario 
SNe Ic are expected to be found in more metal-rich environ- 
ments than SNe lb. This i s due to the strong dependence of stel- 
lar winds on metallicity (IVink & de Koter 2005), with stars of 
the same initial mass suffering more severe mass loss and enve- 
lope stripping at higher metallicities. 

Our result is intermediate to those of lAnderson et al.l(l2010l ). 
who find equal metallicities for SN lb and Ic environments, and 
ofJModiaz et al. (201 1) wh o find SNe Ic to lie in more metal-rich 
environments than SNe Ib. lModiaz et aLl find a difference of 0.20 
dex (in the 03N2 scale) and a high probability for rejecting the 
null hypothesis that types lb and Ic explode in similar metallicity 
environments, based on the Kolmogorov-Smirnov (KS) test (p- 
value - 1%). In our sample we cannot detect such a significant 
difference; a KS test provides very weak evidence against such 
a hypothesis (p-value - 17.1%). 

We note that the errors quoted until n ow (i.e. the stand ard 
er ror of the mea n), as well as the ones of lAnderson et al.l and 
of lModiaz et al.L ignore the relatively large errors in the individ- 
ual metallicity estimates. When the individual error-bars (here 
> 0. 1 8 dex) exceed the sample standard deviation cr (here < 0. 1 5 
dex), the standard error of the mean underestimates the real un- 
certainty in the mean value. This is the case here because the 
individual metallicity errors are dominated by the uncertainty 
in the N2 (or 03N2) calibration. In that case, an error propa- 
gation of the individual errors in the calculation of the mean is 
more appropriate. The same results can be obtained by a sim- 
ple Monte Carlo (MC) simulation where the individual metal- 
licities are perturbed around their mean value (and within the 
provided errors) and a metallicity mean is computed in each re- 
alization. Such a calculation reveals that the true uncertainties in 
the mean metallicities are 8.52+0.05 for SNe lb and 8.60±0.08 
for SNe Ic. In the rest of the paper all quoted errors are com- 
puted with this method. In addition, by performing a KS test for 
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Figure 3. Ages of the youngest stellar populations at the SN lo- 
cations, estimated thro ugh the measured Ha EW and Starburst99 
jLeitherer et alj Il999l) ( range denoted by solid line; see text). 
These set a lower limit (dashed line) to the age of the SN birth- 
place. The SN environments were ordered by ascending metal- 
licity, and some key values are indicated on the righthand axis, 
but this is only for illustration purposes as this axis does not 
have any meaningful scale. The color coding is the same as in 
Fig.|2] blue for SNe lb, red for SNe Ic and black for intermediate 
SNe Ib/c. The interloper type la SN 2007qw is in magenta. The 
horizontal dashed line separates the galaxies into two metallic- 
ity groups depending on whether a comparison with Z = 0.008 
or Z = 0.02 models is more appropriate. The vertical dashed 
lines denote the predictions of the Geneva evolutionary codes 
for the lifetimes of single massive stars of 25 Mc?, at Z - 0.02 
and 30 Mq at Z = 0.008 dMevnet & Maedeij|2003L l2005h . The 
allowed ages for single progenitors of SNe Ib/c are illustrated by 
the gray-shaded area. 



each MC realization, we find that quoting a single p- value is sim- 
plistic but that there is a distribution of generated p-values with 
an associated confidence interval (here 0.007< p <0.483 at the 
68% confidence level). We therefore find no significant evidence 
that types lb and Ic SNe explode in different environments. We 
believe that taking this into account would also l ower the sig- 
nifican ce of the 0.20 dex difference reported by iModiaz et al.l 
(I2011h . 

It is not obvious why the results from the three samples dif- 
fer slightly, especially for the SN lb environments. Unlike the 
other studies, we have measured fluxes in spectra where the stel- 
lar continuum has been subtracted (Sect. |3]l, but this is not what 
causes the difference: if we use the original spectra (Table |4) 
we obtain N2=8.54+0.05 dex for SNe lb and 8.61+0.08 dex for 
SNe Ic. The N2 metallicities are on average a little lower in the 
stellar-continuum-subtracted spectra (as the corrected Ha emis- 
sion is enhanced), but the offset between types lb and Ic in our 
sample remains at the same level. We have compared our re- 
sults to those that can be obtained on SN spectra that were avail- 
able to us, a measurement of metallicity based on lines from the 
host galaxy was possible (11 cases), and we have found very 
good agreement. Overall good agreement was also obtained for 



the nuclear metallicities of the five galaxies in our sample that 
possess an SDSS spectrum. At the time this work was accepted 
for publication, the version of Modiaz et al. (201 1|) did not pro- 
vide individual line fluxes or metallicities, and it was thus not 
possible to make direct compariso ns for the five host gal axies 
that are common to our samplesPI [Anderson et al.l (|20IO|) pro- 
vide metallicities for the individual hosts on the N2 and 03N2 
scales, but there is no overlap between our samples. By merg- 
ing the two samples (using our fluxes in Table |4|to avoid differ- 
ences in methodology), we obtained 8.58+0.04 dex for SNe lb 
(N = 24) and 8.60+0.05 dex for SNe Ic (A^ = 19), i.e. a result 
intermediate between the two (and qualitatively very similar to 
lAnderson et al I I2OIOI) . This, of course, was expected, but we ar- 
gue below that, at present, a merging of the samples is perhaps 

not very meaningful. 

The lAnderson et al.l (1201 Oh sample has SN classifications 
drawn from the Asiago SN catalog, and we have demonstrated in 
Sect. | 2 .1lthat this can be risky. Furthermore, the lAnderson et all 
sample is likely to be biased towards higher metallic- 
ities because it studies SNe that have been discovered in tar- 
geted searches of bright nearby galaxies. Within our own sam- 
ple, all CC SNe discovered by targeted searches (A^ - 9) have a 
mean metallicity of 8.65+0.06 dex, while non targeted searches 
(A^ = 11) give 8.56+0.06 dex (SN 20061c is included in both 
samples). In addition, the former seem to cluster more tightly 
around their mean (close to solar) value (cr - 0.07), while the 
latter present a much larger dispersion (cr = 0.15). This differ- 
ence is at least as strong as the one found between types lb and 
Ic SNe, and it stems from the galaxy mass-metallicity relation 
(iTremonti et al.ll2004l) . Also, this is additional evidence that the 
method of SN discovery is a constraining factor in the observed 
enviro nmental properties of S Ne. It is possible that part of the 
reason lAnderson et al.l (l2010l) find relatively higher metallicities 
is that they explored a smaller region of the mass-metallicity pa- 
rameter space. In fact, evidence is mounting that even SN demo- 
graphics might differ when different types of host galaxies ar e 
probed by different types of searches (e.g. lArcavi et al.lbOlOl) . 
We should therefore be careful before comparing two dissimilar 
samples. 

Concerning SNe Ic-BL (A^ = 9), on the N2 scale they 
have 8.51+0.06 dex (cr - 0.16) and we thus confirm that 
their environments are closer to the SN lb distribution than to 
the normal SN Ic distribution (iModiaz et a l. 201 1': Arcavi et ^ 
2010). Finally GRB-SNe, as pointed out byLModjaz et al. ( 200^ 
are found in lower metallicity environments (8.23+0.09 dex; 
cr - 0.14 on this scale). The latest nearby event of this kind 
ORB 100316D/SN 20I0bh) also seems t o follow this picture 
IChornock et al.ll2010l: IStarUng et al.ll201 ll) . As a matter of fact, 
low metallicity has be en proposed to be necessary for the for- 
matio n of a GRB jet jYoon & Langej|2005l; IWoosIev & Hegej 
I2OO6I) in an event that would otherwise appear as a regular 
stripped CC explosion (such as the ones studied in this paper). 
Today, howeve r, GRBs have been discovered in high-metallicit y 
environments (iLevesque et al.l l20I0bt iHashimoto et al.l l20IOl) . 
while the fact that we usually detect them at low metallici- 
ties can be attributed to a selection bias, s uch as dust (e.g. 
Fvnbo et al. 200 9J or star formation rate (iKocevski & WestI 
bOlOtlMannucci et al.ll201 iT) . 

We mentioned earlier that for four galaxies, the measure- 
ments were made at distances of 2-7 kpc from the SN (and closer 
to the galaxy center). Metallicity gradients (e.g. IZaritskv et al.l 



This information is available in the final version of their paper. At 
this stage, however, it was not possible to include a detailed comparison. 
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Table 4. Measured line fluxes - not corrected for the effect of stellar absorption. 



Galaxy 


H/3 




[Oiii] /!5008 






[Nil] /i6585 




central 


local 


central local 


central 


local 


central local 



2MASXJ2 1 024677-0405233 
ESQ 153-G17 
ESQ 552-G40 
IC 4837A 

J000109. 19+010409.5 

J001039.34-000310.4 

J002741.89+01 1356.6 

J012314.96-001948.8 

J023239. 17+003700.1 

J205121.43+002357.8 

J2055 19.76+003234.4 

J213900.63-010138.6 

J223529.00+002856.1 

KUG 2302+073 

MGC+03-43-5 

NGC 1187 

NGC 214 

NGC 4981 

NGC 7364 

NGC 7803 



4.55 ± 1.90 



44.22 ± 7.70 



26.34 ± 11.00 
56.45 ± 13.00 
55.74 ± 3.90 
95.43 ± 7.10 
19.05 ± 3.10 
127.10 ± 3.30 



41.49 ± 
55.74 i 
93.31 d 
19.05 i 

127.10: 

35.03 d 



3557.00 : 



34.00 41.92: 
75.65 : 
24.82 : 



11.00 
3.90 
2.40 
3.10 
b 3.30 
4.20 

3.40 
7.50 
5.50 



39.81 ± 7.10 



131.90 J 
89.82 ± 
133.20: 
44.62 ± 
82.52 i 



12.00 
16.00 
: 5.30 
12.00 

3.30 



448.80 ±3.10 



38.63 + 
450.20 + 
1066.00 : 



7.80 
20.00 
: 26.00 



9.26 ± 5.20 



20.21 ± 7.20 
40.42 ± 12.00 
133.20 ±5.30 
45.62 ± 2.80 
82.52 ± 3.30 
448.80 ±3.10 
79.24 ± 3.80 

12.95 ± 2.90 



158.90 ± 4.00 



36.65 ± 3.20 



148.50 : 
898.90 + 



524.90 ± 
450.40 ± 
155.40 ± 
621.00 ± 
960.10 ± 
228.80 d 
1270.00 d 
78.23 ± 
390.00 d 

432.70 d 
25750.00 

507.00 ± 
2827.00 d 
1155.00 d 
3450.00 d 



: 4.30 
15.00 



12.00 
12.00 
10.00 
16.00 
19.00 
: 6.80 
: 15.00 
4.30 
: 4.80 

: 9.10 
t 30.00 
43.00 
: 29.00 
: 29.00 
: 18.00 



22.68 ± 
43.37 ± 
36.75 ± 
125.70 + 
34.39 ± 
94.81 ± 
85.59 ± 
27.49 ± 
531.30 ± 
228.80 + 
477.20 + 
78.23 ± 
390.00 + 
162.80 + 
41.03 ± 
172.60 + 
436.00 ± 
215.30 + 
26.34 ± 
786.80 + 



1.90 
4.40 
5.20 

2.20 
5.00 
4.30 
7.60 
4.60 
13.00 

6.80 

5.40 
4.30 

4.80 

5.00 
2.70 

6.50 
14.00 

7.50 
3.20 

5.90 



67.90 d 
537.00 d 
144.10 d 
445.70 d 

190.10: 

177.00 : 
59.48 d 
294.30 d 
422.30 d 
42.19 d 
407.80 d 
4.96 ± 
29.00 ± 

148.00 d 
12200.00 : 
1528.00 d 
1665.00 d 
718.20 ± 
2250.00 d 



3.70 
16.00 
17.00 
12.00 
t 9.30 
t 8.90 
7.80 
12.00 
13.00 
4.00 
11.00 
6.10 
3.00 

t 6.40 
: 24.00 
45.00 
23.00 
19.00 
17.00 



11.63 d 

19.13 d 
12.27 d 
47.10 d 
4.90 ± 
35.34 d 
22.08 d 

15.14 d 
185.10 

42.19 d 
162.30 

4.96 ± 
29.00 d 
26.23 d 
13.91 d 
51.36 d 
146.10 
88.03 d 
17.61 d 
365.30 



: 1.50 
: 3.10 

:4.40 

: 2.10 
3.60 

:4.20 
:5.50 
: 3.60 

t 8.70 

:4.00 

t 3.90 
6.10 
: 3.00 
: 3.30 

:2.40 
: 3.60 

t 8.80 

:6.30 

: 3.20 
t 3.70 



Notes. The fluxes are given in units of 10 ' erg s ' cm ^ both for the galaxy central regions and for the local SN environments. 



[1991 1 van Zee et al.lll998h make it possible that the metallicities 
at the actual SN sites are low er By using the equation derived by 
iBoissier & PrantzosI (|2009'), we estimate that differences rang- 
ing between 0.08-0.14 dex should be subtracted by the tabu- 
lated values to obtain the SN location metallicity for these four 
galaxies. Since three of them are of type lb (the fourth classified 
as Ib/c), this will have an implication for the sample mean value, 
lowering it a little. Indeed, assuming these values are correct, the 
offset between the types Ic and lb metallicity increases to 0.10 
dex, becoming slightly more significant. We caution, however, 
that these authors note that metallicity gradients might be flat- 
ter than the ones they use (e.g. Bre splin et al. 2004) and that this 
average approach is more suitable for larger statistical samples 
than for individual galaxies. Indeed, for MGC+03-43-5 we did 
not detect any significant metallicity gradient from the nucleus 
to the location where the spectrum was extracted (half way to 
the SN location). 

There is also the question of SN classifications and how this 
can affect our samples. For instance, if SNe 20061c and 2007kj 
are included in the SN lb distribution, rather than in the inter- 
mediate type Ib/c sample, then our estimate for the mean SN lb 
metallicity increases by 0.03 dex. We propose that in the future, 
as more and better host galaxy and SN data become available, 
such studies should focus on the metallicity dependence of a 
continuous SN property, such as the strength of the He lines, 
rather than resorting to a bold grouping of either type lb or 
type Ic SNe. Such a methodology is, however, beyond the scope 
of the present paper 

Summarizing, based on the present sample and a proper eval- 
uation of the errors, we can identify a tentative trend (0.08 dex 
for our fiducial case) towards, on average, finding SNe Ic in more 
metal-rich environments than SNe lb, but this is not a significant 
result. Given that there is no precise model that quantifies the 
predicted difference in the mean environmental metallicities be- 
tween types lb and Ic SNe, it is difficult to assess the value of this 
trend. Such a quantitative prediction is difficult because the effect 
of metallicity has to be disentangled from the one of the progen- 
itor initial mass, which also has an observable effect on the types 
of CC SNe dAnderson & JamesllIOOirKeUv et al.llIOOSi) . and the 
exact masses of our SNe are not known. In addition, recent mod- 



els show that metallicity-driven winds can als o play a role in bi - 
nary evolution at least for some mass ranges (lYoon et al.ll20Toh . 
Overall, however, the observed trend (if true) does not qualita- 
tively disfavor a single progenitor origin for SNe Ib/c. 

4.2. Ages 

The (minimum) ages of the regions that were derived in Sect. 13.21 
(with the Ho- EW method) are all relatively young in an astro- 
physical context. They range from 6-13 Myr, in broad agree- 
ment with the expectation that they should contain massive stars. 

It is possible to make a more quantitative comparison 
with the lifetimes of single massive stars that explode as 
SNe Ib/c as predicted by the Geneva evolutionary models 
tMevnet & Mae der 2003. 2005; Georgy et al. 2009). We again 
used two reference cases, Z = 0.008 and Z = 0.02, and the 
horizontal dashed line in Fig. |3] separates our SN environments 
into two groups, dependin g on which metallici ty is more rele- 
vant for them. According to lGeorgv et al.l(l2009b , the lower mass 
limit above which stars explode as SNe Ib/c at Z = 0.008 is 
30 Mq, while this is lowered to 25 M© at Z = 0.02 due to 
the increased effect of wind mass loss. The expected lifetimes 
of stars of the se masses and metallicities are ~7.6 and 8.7 Myr, 
respectivel}0 dMevnet & Maeder 2003V2005I). These ages repre- 
sent upper limits of the lifetimes of stars that explode as SNe Ib/c 
because more massive stars will explode even sooner These lim- 
its are indicated with the vertical dashed lines in Fig. |3] We thus 
expect all SNe Ib/c that come from the evolution of single mas- 
sive stars to be found to the left of these lines (in the gray shaded 
area). On the contrary, any SN that exploded outside this area 
could have a longer progenitor lifetime and may be due to bi- 
nary evolution (without this possibility being excluded for the 
SNe in the gray area). Indeed, WR stars are predicted to occur 
over a wider range of ages in stell ar populations that include bi- 
naries (lEldridge & Stanwavl2009l) . We note th at despite progress 
in modeling the evo l ution of binary st ars (e.g. iFrver et al.ll2007l : 
lEldridge et ani2008l: lYoon et al.ll2010h . it is not straightforward 



' These are the lifetimes at the end of core He burning. The remaining 
lifetimes until core-collapse are however insignificant. 
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to deduce typical lifetimes for systems leading to SNe Ib/c to 
make a direct comparison with our data. The typical timescales 
depend on a series of parameters and are not as constrained as for 
single evolutionary models, ranging from very young (similar to 
single stars) to very old. 

We observe that the lower limits for the ages of most SN 
host regions are compatible with the single progenitor scenario. 
There are also, however, a few that seem to contradict it. These 
are SN 20061c in NGC 7364, SN 2005bj in MGC+03-43-5, and 
most notably, SN 2004fF in ESQ 552-G40 and SN 2007qx in 
J002741. 89+01 1356.6. In addition, the problem is more severe 
in the case of the He-deficient SNe Ic that originate from eve n 
more massive progenitors (39 Mq at Zq; iGeorgv et al.ll2009l) . 
The lifetimes of these s tars are even shorter (<5 Myr at Zq; 
iMevnet & Maeded2003h . which would also create a problem for 
the type Ic SNe 2007sj, 2005aw and, especially, 2007hn. This 
raises the number of potential discrepancies to 7 out of 19 cases. 

As already discussed, these comparisons have been made 
against the SN region age lower limits. The areas probed by 
the slit, however, also contain older stellar populations as is 
clearly indicated by the higher luminosity-weighted mean stel- 
lar ages. In principle, more SNe can originate in regions that are 
older than the limits in Fig. [3] and there could be more explo- 
sions attributed to binarity than in this limiting case. In addi- 
tion, these stellar lifetimes were for the Geneva rotating mod- 
els. Nonrotating m odels typically give lifetimes ~ 15% shorter 
for the same stars (iMevnet & Maededl2003l |2005|) . Restricting 
the comparison to the Geneva models is not a decisive factor 
since other models give simi lar (or higher) ZA MS mass limits 
leading to SNe Ib/c (34 M^: iHeger et al.ll2003h and similar (or 
shorter) timescales for th eir evolution (e.g. Wooslev et al.lll993t 
iLimongj & Chieffill2003h . 

On the other hand, it is true that the quoted discrepancies are 
small on an absolute scale (between 1-4 Myr) and that star for- 
mation is present in almost all SN regions we examined (with 
the exception of the 4 SNe where no significant flux was recov- 
ered at the exact location to allow us measure an EW). That is, 
we did not find any clear case indicating a very old environment 
(as e.g. Oi'erets et al. 2011, for SN 2005cz), which would unam- 
biguously demand a binary channel explosion (always keeping 
in mind these four galaxies). The most serious concern, how- 
ever, is that this exercise was made under the assumption of an 
instantaneous star formation episode. If the SN birthplace is still 
forming stars, no such strict limits can be placed through the Ho- 
emission. We have no means of assessing the validity of such an 
assumption (which is indeed challenged by the presence of older 
stellar generations as indicated by the relatively old mean stel- 
lar ages). For this reason our conclusions are weak: we cannot 
unambiguously claim that the above-mentioned SNe had binary 
progenitors, but we can propose them as good candidates and we 
suggest that this possibility is also investigated by other means 
(e.g. through the SN properties). It is intriguing to point out that 
two of these explosions are of type lib, i.e. similar to the proto- 
type SN 1993 J, the ex plosion for which the strongest evidence 
for binarity exists (e.g. | PpdsiadIowski et al.lll993l: iNomoto et al.l 



[T^ lMaund'etal1l2004ir 

As a parenthesis, that the lower limit derived for the ther- 
monuclear SN 2007qw environment is as low as 6 Myr is no sur- 
prise and should not raise any concerns. In contrast to CC SNe, 
this lower limit does not constrain the age of the SN progenitor 
in a meaningful way, because it is not comparable to the life- 
times of the suspected progenitor systems. That SNe la are often 
associated with young stellar popu lations (~50-100Myr) is well 
known (e.g. lMannucci et aDl2006l) . 



5. Conclusions 

We have compiled a sample of 20 well-observed stripped CC 
SNe. Particular attention was paid to classifying each object, and 
in many cases our spectral typing differs from what has been 
reported previously in the literature. We obtained spectra of the 
host galaxies for these SNe at the exact SN location using the 
NTT (+ EFOSC2) and fit these spectra with SSP templates in 
order to estimate and subtract the stellar continuum contribution. 

The local metallicities were computed on the N2 scale and 
found to be, after a proper treatment of the systematic errors, 
8.52±0.05 dex for SNe lb and 8.60±0.08 dex for SNe Ic. This 
may indicate a trend toward increasing metallicity from SNe lb 
to Ic, as expected by single evolutionary models, but it is not a 
statistically significant result. A comparison with other studies 
in the literature was made and diff'erences were discussed. 

The ages of the SN environs were estimated by compar- 
ing absorption features with population synthesis models (giv- 
ing a luminosity-weighted mean stellar age) and by the mea- 
sured Ho- EW. The latter method probes the ionizing youngest 
stellar populations and was thus used to place lower limits on 
the ages of the SN birthplaces. These lower limits were com- 
pared with upper limits on the lifetimes of single massive stars 
as computed by the Geneva evolutionary models. For a number 
of SNe (7/19), these limits were found to be mutually incompati- 
ble, possibly indicating that they resulted from binary evolution. 
The discrepancies were, however, small (between 1-4 Myr), and 
all the SN regions we examined included areas of recent (<15 
Myr) star formation. In addition, this conclusion was subject to 
the assumption that the SN progenitor was born during an in- 
stantaneous star formation episode. 

Based on these results, we are not able to conclusively rule 
out any of the evolutionary paths leading to stripped SN explo- 
sions. The single progenitor channel seems consistent overall 
with the observations, while binary evolution might have been 
more likely for a few explosions in our sample, due to their as- 
sociated ages. We speculate, in line with many other authors, 
that stripped SNe probably result from more than one channel. 
Detailed studies of the individual events and their environmnents 
are needed in order to reveal the nature of each one separately. 
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